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BASE MATERIAL FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a material which 
is more hardly damaged for a porous base material of a 
photocatalyst supporting body. 
SOLUTION: The photocatalyst supporting body is 
constituted by coating the porous ceramic base material 
with a photoreactive semiconductor mainly composed of 
titanium oxide and firing the film formed by drying and 
solidifying the coating thereby forming a microporous 
film. The porous ceramic base material described above 
is constructed by forming an aluminous film on a porous 
silicon carbide skeleton body. 
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JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In photocatalyst support which carries out coating of the photoactive semiconductor 
which used titanium oxide as the main ingredients to a porous substrate of quality of ceramics, 
calcinates a film which carried out dry solidification and forms a detailed porous film, 
Photocatalyst support using a substrate which forms a film of quality of alumina on a skeleton 
porous body of quality of silicon carbide as a porous substrate of quality of ceramics. 
[Claim 2]It is a manufacturing method of a porous substrate, of quality of ceramics in the 
photocatalyst support according to claim 1 , A manufacturing method characterized by carrying 
out simultaneous calcination of these silicon carbide and the alumina after making it dry since 
foam is impregnated with a silicon carbide slurry, carrying out coating of the alumina to a 
skeleton porous body which is not calcinated after this desiccation and making it dry it. 
[Claim 3]The manufacturing method according to claim 2 which dries in arbitrary fields 1000 ** 
or less. 

[Claim 4]The manufacturing method according to claim 3 which calcinates at 1300-1500 **. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[oooi:]{;v^ 

[Field of the Jnvention]This invention relates to the photocatalyst support which carries out 
decomposition removal of the odorant and the toxic substance in the air, and its process. 
[0002] . : 

[Description of the Prior Art]Conventionally, the air having contained the nasty smell substance 
and the toxic substance is contacted to photoactive semiconductors, such as a titanium dioxide, 
and it irradiates with ultraviolet radiation, and the device from which a malodorous substance and 
a toxic substance are disassembled and removed in a semiconductor surface is publicly known, 
and is used for the air cleaner or the room air conditioner. In the photocatalyst filter which 
supported the photoactive semiconductor used for these devices, a titanium dioxide is adopted 
as a photoactive semiconductor and is mainly ******** about the particles of a titanium dioxide 
— the swage block (honeycomb) which carries out corrugated processing of the titanium oxide 
content paper, and has breathability — what was formed in ** is common. 
[0003] However, although there is an advantage which the quality-of-paper corrugated 
honeycomb filter which consists of this titanium oxide content paper impregnates [ advantage ] 
with adsorption auxiliary agents, such as activated carbon, with titanium oxide, and may increase 



JP-A-2003-53194 



3/9 



initial adsorption power, a substrate is vulnerable and it has a fault which cannot perform re- 
activation treatment by rinsing after adsorption saturation. Then, use of the durable quality of 
ceramics or a metallic rigid substrate is proposed as an improvement of the vulnerable substrate 
of such a quality-of-paper honeycomb. Although support of titanium oxide to these rigidity 
substrate needs the catalyst membrane formation by printing and the support process of 
titanium oxide takes difficulty as compared with the quality-of-paper honeycomb which can 
support titanium oxide by an easy means like a **** lump, it has an advantage which can 
perform re-activation treatment by rinsing easily. 

[0004] Have proposed previously the invention shown in the application for patent 2000-83505 as 
photocatalyst support which uses such a rigid substrate, and this, The outstanding effect of 
obtaining the photocatalyst support fixed to the rigid substrate of the quality of ceramics in the 
photoactive semiconductor of high activity which is rich in a fine-pores nature stoma, and has 
high film strength is done so. 
[0005] 

[Problem(s) to be Solved by the Invention]In the invention of the above-mentioned patent 
application, the porous substrate of the quality of ceramics is formed from any one of the quality 
of alumina, the quality of alumina silica, the quality of a cordylite, or the quality of silicon carbide. 

[0006]Although the substrate by that quality of alumina has high hardness and abrasion 
resistance, is thermodynamically stable, and is excellent in heat resistance, its oxidation 
resistance is also high and it has the feature which has high specific surface area, since 
structure is constituted precisely as for this substance that is ionic bond nature ceramics, If 
temperature becomes high, the amplitude of the thermal oscillation of each atom will be applied 
and comparatively big expansion will be produced. For this reason, a coefficient of thermal 
expansion is large and weak to a thermal shock. Junction is good, since very PORASU 
[ surface / of alumina which is a substrate ], can obtain the characteristic that high specific 
surface area can be obtained from the reasons whose a coefficient of thermal expansion both 
alumina and titanium oxide are oxide ceramics, and is near wettability is good etc., but. If heat 
load takes for alumina at the time of calcination, the rate which a substrate damages from the 
character in which it is weak to a thermal shock as mentioned above will become high. 
[0007] Since the substrate by the quality of silicon carbide has high covalent bond nature, it is a 
difficulty degree of sintering, but its scientific stability is high, is excellent in heat resistance and 
corrosion resistance, and are high hardness and abrasion resistance. And since a part of 
amplitude of the thermal oscillation of each atom is absorbed by change of a bond angle, the 
substance of covalent bond nature has the small increase in interatomic distance, therefore its 
grade of thermal expansion is low. The coefficient of thermal expansion is the grade that that in 
non-oxide ceramics is also a little higher than silicon nitride, sialon, etc., and since thermal 
conductivity is high, it is strong to a thermal shock. Even when 500 ** is calcinated after 
titanium oxide coating from such low-thermal-expansion nature of silicon carbide, and the 
characteristic of high heat conductivity, a substrate breakage rate is low. However, to titanium 
oxide, since the difference of a coefficient of thermal expansion is large, in a cooling process, a 
tensile stress occurs strongly among both, and it is easy to produce a crack in titanium oxide 
membrane. 

[0008] As mentioned above, in junction between different-species ceramics called the substrate 
and titanium oxide of the quality of alumina, or the quality of silicon carbide at the time of 
calcination, originate in thermal shock property, and breakage arises in a substrate, or, Or it 
originates in the difference in a coefficient of thermal expansion, stress occurs in a joining 
section, and fault, like breakage arises in the junction exfoliation and ceramics side in which a 
tensile stress is lost may happen. This invention solves such a technical problem and it aims at 
proposing the construction material which is harder to damage about the porous substrate of 
photocatalyst support. 
[0009] 

[Means for Solving the Problem]A means which this invention took in order to solve an 
aforementioned problem, In photocatalyst support which carries out coating of the photoactive 
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semiconductor which used titanium oxide as the main ingredients to a porous substrate of 
quality of ceramics, calcinates a film which carried out dry solidification and forms a detailed 
porous film, It is characterized by making a porous substrate of the quality of ceramics into 
structure in which a film of quality of alumina was formed on a skeleton porous body of quality of 
silicon carbide. It is good to divert an invention shown in the above-mentioned application for 
patent 2000-83505 as a formation mode of a photoactive semiconductor in such an invention. 
[0010]While quality of silicon carbide has a high strength characteristic, it has a weak point 
where it is easy to produce a crack in titanium oxide from a difference in a coefficient of thermal 
expansion, but it is compensated with forming a buffer layer of quality of alumina which has a 
coefficient of thermal expansion about the middle of titanium oxide and silicon carbide for a weak 
point of a difference in the coefficient of thermal expansion. That is, between silicon carbide with 
a small coefficient of thermal expansion, and titanium oxide with a large coefficient of thermal 
expansion, By forming a buffer layer of alumina with a coefficient of thermal expansion of these 
middle extent, this buffer layer absorbs a difference of a coefficient of thermal expansion, 
reduces coating of titanium oxide, and remaining stress at the time of calcination, and controls 
breakage of a substrate, and generating of chalking. 

[001 1]As a manufacturing method of a porous substrate of quality of ceramics which forms a film 
of quality of alumina on a skeleton porous body of such quality of silicon carbide, in this 
invention. After making it dry since foam is impregnated with a silicon carbide slurry, carrying out 
coating of the alumina to a skeleton porous body which is not calcinated after this desiccation 
and making it dry it, a manufacturing method carrying out simultaneous calcination of these 
silicon carbide and the alumina is proposed. 350-700 ** of less than 1000 ** is [ the drying 
temperature region ] preferably suitable, and 1300-1500 ** of not less than 1000 ** is 
[ calcination temperature region ] preferably suitable. 

[0012]In a process of a substrate generally known conventionally, when laminating two or more 
quality of ceramics, it is a conventional means to carry out a process of desiccation and 
calcination about one quality of ceramics, respectively. That is, it will pass through a process of 
coating -> dry -> calcination -> cooling of the coating (for example, dip coating) -> dry -> 
calcination -> cooling -> 2nd ceramics of the 1st ceramics. On the other hand, in a process of 
this invention, judging a flexible polyurethane foamed body as foam, making it dry, after 
impregnating this with a silicon carbide slurry, and removing foam generates a skeleton porous 
body. And carry out dip coating, for example, and a skeleton porous body which is not calcinated 
after that desiccation was made to dry alumina, then means to calcinate this alumina and silicon 
carbide under it simultaneously are taken. That is, it is a process of coating -> dry -> 
simultaneous calcination -> cooling of the coating -> dry -> 2nd ceramics of the 1st ceramics. 
[0013]Thus, by performing simultaneous calcination, at the elevated temperature, an interface 
reaction occurs between silicon carbide and alumina, mullite (3aluminum 2 0 3 and 2Si0 2 ) is formed 

in it, and a firm combination can be obtained. And since this surface oxide film has the surface 
physical property of alumina fundamentally, its junction to titanium oxide is good as mentioned 
above. Therefore, while being able to obtain a substrate with little breakage from the heat 
characteristic of silicon carbide, titanium oxide is attached, and ** is good, it becomes difficult to 
separate by existence of a mullite layer as a buffer layer, and generating of a crack is also 
controlled. And a part with still few processes of calcination and cooling and a thermal shock can 
be suppressed, and slimming of a process is also attained. 
[0014] 

[Embodiment of the Invention]Hereafter, a concrete example and the example of an examination 

are shown and the suitable embodiment of this invention is described. 

[0015] 

[Example]titanium dioxide content — sol — coating of the liquid was carried out to three kinds 
of porous substrates (size: 245 mmx295 mmxt20mm and quantity : 30 sheets each), it was 

calcinated, and it was considered as the sample. The average value (g/rn 2 ) of the amount of 
titanium dioxide installation of the completed sample, film hardness (H), and a breakage rate (%) 
were measured. Measurement of film hardness is performed based on regulation of JIS K5400. 
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This result is shown in Table 1. 
[Table 1] 
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[0016]That for which, as for the items of sample A-C, the sample A used the alumina ceramic 
porous body (aluminum 2 0 3 :76% and, Si0 2 :19% and, a void content: 85%) as a porous substrate, 

That for which the sample B used the silicon carbide ceramic porous body (SiC:67%, 
aluminum 2 0 3 :12%, Si0 2 :19%, and a void content: 85%) as a porous substrate, And the sample C 

uses a silicon carbide-alumina ceramic compound porous body (50-150-micrometer alumina 
membrane is formed on a silicon carbide ceramic porous body). The sample C is excellent in a 
breakage rate to the sample A, and is surpassed by the amount of installation and hardness of 
titanium oxide to the sample B as Table 1 shows. 

[0017]In the process of the sample C which is the photocatalyst support concerning this 
invention, foam is removed by Judging a flexible poiyurethane foamed body, impregnating with 
silicon carbide ceramic slurry first, and drying this at 350-700 **, and it is considered as a 
skeleton porous body. And with un-calcinating, a skeleton porous body is dried at 350-700 **, 
after carrying out dip coating of the alumina, and the porous substrate after this alumina coating 
and desiccation is calcinated at 1300-1500 **, and, subsequently it cools. Thus, the effect 
shown in Table 2 has been acquired by considering it as the process of carrying out 
simultaneous calcination of silicon carbide and the alumina. That is, improvement in production 
time shortening and the yield is attained. 



[Table 2] 
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[0018] 

[The example 1 of an examination] In order to check the surface porosity in each substrate of 
sample A-C, the photograph which carried out SEM observation about the porous base material 
surface before carrying out coating of the titanium dioxide is shown in drawing 1 - drawing 3 . 
[0019] 

[The example 2 of an examination] Sample A-C was carried in the small testing machine shown 

in Table 3 as a filter, this testing machine was installed in the sealing testing laboratory of 6-m 
made from stainless steel, and after being filled up with ammonia smell mind to around 5 ppm, 
circulation blowing operation was started. And concentration was measured with the gas 
detector (made by a gas tech company) for every predetermined lapsed time. This is shown in 
Table 4. 
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[0020]The filter C which starts this result at this invention showed the middle performance of 
the filters A and B. This shows that intensity of the substrate was able to be strengthened, 
maintaining the function outstanding as photocatalyst support. 
[0021] 

[The example 3 of an examination] Although the sulfur-containing inorganic compound often 
expressed as "a smell to which the onion rotted" has hydrogen sulfide, this substance is a thing 
to the extent that a bad smell is checked by the low concentration of a ppb level. Since the 
photocatalyst method was dramatically effective also in this deodorization, the performance of 
filter A-C was checked and compared also about this according to the same test condition as 
the example 2 of an examination. The initial concentration of hydrogen sulfide is 1 .5 ppm. The 



result is 
[Table 5] 


shown in Table 5. 
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[0022]Table 5 shows that the filter C concerning this invention is dramatically high-achieving in 
the field of a ppb level. The result of this table 5 and the result of previous Table 4 show about 
performance that it is very excellently. Generally, it is well known in the case of removal of 
inorganic compounds, such as ammonia and hydrogen sulfide, that performance will deteriorate 
by by-products which generate and remain to a filter surface, such as a nitrate and lead sulfate. 
Therefore, when it became operation with the system, filter washing surely had to be maintained 
frequently, but in this maintenance work, the filter was sometimes plentifully damaged from the 
past example. However, if it is a filter concerning this invention, since it excels in intensity as 
mentioned above, it can be rich in endurance, and a longer-life filter can be provided. 
[0023] 

[The example 4 of an examination] In recent years, the toxicity of the volatile organic compound 
(VOC) represented by formaldehyde is pointed out. Also in various industry, it is a situation 
where many harmful gas-like substances must be processed by establishment of odor control 
law and the PRTR method. Then, in order that the photocatalyst support of this invention might 
check whether it is effective also to organic nature gas, it examined by making the acetaldehyde 
of typical organic nature gas applicable to removal. 
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[0024]Above-mentioned filter A-C was carried in the testing machine shown in Table 6 and 

drawing 4 , and this testing machine was installed in the sealing testing laboratory of 30-m made 
from stainless steel. And after being filled up with the acetaldehyde bad smell to around 5 ppm, 
circulation blowing operation was started, and acetaldehyde concentration was measured with 
the 1312 type multi-gas monitor (made by INOVA) for every predetermined lapsed time. The 
result is shown in Table 7. 
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[Table 7] 
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[0025]As for the removing speed in that and a ppm level, from Table 7, just all three sorts of 
filter A-C of differences of some removing speed look equally. However, if set to the ppb level 
after dropping below 1 ppm, the filter of A and C whose surface is porosity more too will 
demonstrate the performance. Although the titanium oxide surface reaction in a low 
concentration area is fundamentally seen as a primary response, in this field, reaction velocity is 
proportional to the concentration of the substance which contacts or sticks to the titanium 
oxide surface. ****** [ that the size of removal public efficiency has the large surface area 
which can incorporate more substances since the air content supplied to a device in an exam is 
about 1 law ] — it is determined at the point to say. 
[0026] 

[Effect of the Invention]By having made it the substrate which mixed the quality of silicon 
carbide, and the quality of alumina, i.e., the porous substrate of the structure which covered the 
skeleton porous body by the quality of silicon carbide qualitatively of alumina, according to this 
invention, It can be hard to be divided in porosity, the big advantage that the crack generation of 
the titanium oxide membrane as a photoactive semiconductor and exfoliation can be controlled 
can be acquired, and high-reliability and long lasting photocatalyst support can be provided now. 
By taking in the technique of simultaneous calcination to the process, the improvement in the 
yield and time reduction become possible, and it contributes also to a cost cut. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The SEM photograph which observed the base material surface in front of titanium 
oxide coating about the sample A of the example. 

[Drawing 2] The SEM photograph which observed the base material surface in front of titanium 
oxide coating about the sample B of the example. 

[Drawing 3] The SEM photograph which observed the base material surface in front of titanium 
oxide coating about the sample C of the example. 

[Drawing 4] The outline sectional view showing the structure of the testing machine used in the 
example 4 of an examination. 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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iilOOO "Cy.±, L<ti 1 3 0 0 — 1 5 0 0 °C# 
MLX^Z. 

[0012] fem-Mmz^uxx^&mtfnmmx 



arm, SKSflcfc lt fc waw 'J ? >mm 

£*Bru ztuzmmmx? u -z^mzmzmzm 
m^xmmfc*mt;^& ztx-mmim^m-t 

mm-*$imb\^mmi l z%:-?x^& . 
[ooi3] -r^ct a ciws^ffa -r t 1 «fc o , -e 

ot^>( 1- ( 3 A 1 2 0 3 • 2 S i 0 2 ) *%M$ 
ix, StBErfite-Srlta £ b #"C£ & . *LX. zcomm 

««t a \zmY3-? > t (om&tfMix'fo h . U£#^ 

tfcttc, imMbLX<0J*?4 Ml««tJ;D. M 
Iti-f-? i < T*J^tiill< ?77^I6 

^ tMHWSixs . * lt § 4 1 . mmf\%myjMtfi 

[0014]' 

Lx*&w<Dim*mm<nMmt:i%fflth. - 

[0 0 15] T 

W : 2 4 5 mm X 2 9 5 mm X t 2 0 'fh'm • ^ 

jt : --s-3 om izmxLxtmt. m%b itz, 
mm (h) . agfi.^ (%) ^a?ELfc. jm^jko 

ItliJ IS K 5 4 0 0 ^m^zm& L-T -> T ^ 
■■4. dtf)ij£jfi£ftlfc*1\ 
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Hf4C 
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[0016] SeRA~CW|*3lRt±, Mf4A^\ ^TL'I4« 
»fc LTT;l-5-^-fe5 5 •y^#?L* ( A 1 2 O s : 76 
% • S i 0 2 : 1 9% - mflM: 85%) Zmmi-fzh 

mwif. $>?mmtb vxmimm^s. v 

?L# ( S i C : 6 7% • A 1 2 0 3 : 1 2% ■ S i 
0 2 : 1 9%-S?L*: 8 5%) £fiWBL-Jfci<S9. -€-L 

( Kfb3Ef*-b 5vy? -^UWi^Z 5 0 — 15 O^raiO 



tt, imB (Ewu-rjiiwfc^^ >"«itiMiti 

[0017] *^HBfc^43t«!fe^fM«fftT'fcl.l«^C<73 

imm-^y s >y 5 u c^xa: 350 
-7 0 o'c«§*i»r bxmmim^i-w^iL 

Sr-r -f ; y/3-f< y^'L^fc3 5 0 — 7 0 O'CTHs 

^ltmt/ws^-mx • mmm^n'&m^ 

1 3 0 0-1 50 0°CX'ffi!&L. i!K^X'<%ffl-t$>. Z.<n 
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MlZ^X S E Mlif L ^Iar, 0 1~H3 IZ^k 



0 19] 

SPJ2 ] M*4A~C ^fl3^^J^M^M^lSfc7 



3 MWisidtti'r . Ty^-TMmz 5 P P m 

[*3] 
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0.4 
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[0020] Zco^mz^X , *3§PMlzi&& 7 i )V9 
[00 2 1 ] 



14 P p b K;l-cOfft^T'a^Tifg$ i\& ilfiO t> <75 
h . 3fc«^{4 i <5DfjJ!C fc ^ffifcl^SrO-C . £ 

*ifcoit^n: & , wmm 2 1 mm^Mmmmzx 7 < m 

MBftfcM: 1 . 5 p p m X% h . * O^JH * ft 5 t^-T . 
[«5] 
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34.7 


0.32 
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0.40 
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com 5 <7M%Bc&%&>mA (nmskfri*. ttffic-o^-m 

7\ 7>r/H> 

-^Mtc^Ric urn*-* mtft. ^itia^oittRit^t 

[00 2 3] 



tt^K-ffrg* ( voc ) o«t*«««S*iTv>&. 

mfcyswc t . mmffi±mRTfPRTRmv>famz£ 

[0024] ±iB<7>7 -iVk^-A~C&*i6$OT4<c 

u Etfeo^ntrate^T-fe hwt naue* 1 31 

217^^-?- ( I NOVAttil) IZk.iXm 

m.Ltz. zrift&m&miizTjk-t. 
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1.55 


€9.0 


1.62 
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1.29 


74.2 




0.72 
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0.61 


8/.8 
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89.8 


0.66 
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0.33 
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0.49 


90.2 
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[0025] mifrh, 

m=F<om$;mm<7Mz^foti, p p m uKuxvm^m 
P b i/^Hc^^t < & t , ^{±0 ma*** 0 
izim&ffiffiT'wmt^? ymwKiuzi&Kjfot lx 
mizmmh^v^mm-t^mmommz^m-t^ . 

[00 26] 

l* * t/p 5 i-MX'm^fflmn&?i®m tvtzz 



So 

[Hffl^)ffi#=5:M] 

[Hi ] iHM^MAtov^, mit^^ymxmco 
mimmzmm Ltz s e mm. 
[ h 2 ] nitew^is:^ b v^x\ m\t-^ 9 ymxmo 
mtmm&wmLti s e 

[13] mMMnWm C Co I if . iMt-f - ^ y^Jlmco 

mmmznm tfz s e m^e. 
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[134] 




(5i)int.ei.7 .MOT Ft (##) 

B 0 1 J 27/224 B 0 1 J 35/04 C 

35/04 C 0 4 B 38/00 3 0 4 A 

C 0 4 B 38/00 3 0 4 41/85 D 

41/85 B 0 1 D 53/36 J 

mmmrn mm bbh 
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4C080 AA07 AA09 BB02 BB05 CC01 
HH08 JJ03 KKOS LL10 MM02 
NN02 NN03 NN06 QQ03 

4D019 AA01 BA01 BA05 BB06 BB07 
BBOS BC07 BD01 CB04 CB06 

4D048 AA22 AB03 BA03X BA06X • 
BA07X BA41X BA45X BBOS 
CD05 EA01 

4G069 AA01 AA03 AAOS BA01A 

BA01B BA04A BA04B BA4SA 
BB15A BB15B BD05A BD05B 
CA01 CA10 CA17 DA06 EA11 
EB01 FBOS FB36 
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